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(57)Abstract: 

PROBLEM TO BE SOLVED: To quantitatively design an 
output of an actuator and an action speed and to facilitate 
generation of a gait by deciding an amplitude for vertical 
movement of the center of gravity in a robot in compliance 
with a parameter concerning walking of a robot and 
generating a gait on the basis of the amplitude. 
SOLUTION: Revolute joints 10R, 10L for leg part rotation in a 
crotch, revolute joints 12R, 12Lforthe roll direction in the 
crotch, revolute joints 14R, 14Lfor the pitch direction in the 
crotch, revolute joints 16R, 16Lforthe roll direction in knee 
parts, revolute joints 18R, 18L for the roll direction in foot 
parts, and revolute joints 20R, 20L for the pitch direction in 
the foot parts are individually arranged in this order from the 
upper sides to the lower sides in respective leg part links 2 
on the left side and on the right side. Foot fins 22R, 22L are 
installed in the foot parts, while a control unit 26 is stored 
inside an upper body 24 arranged in the uppermost part. In 
compliance with a parameter concerning walking of a robot, a 
vertical movement amplitude for the center of gravity of the 
robot is decided, and on the basis of the amplitude, a gait of the robot is generated. 
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[§*#« i ] 'pu < t b±&t, n&hWKwm* 

^Ora*SSft&2#©li»y StTf22* 
KBSM»*/|>uraiBi3*iSTIiy>i'i. IWBTHU 

*ff©WS»fTO>Kf r©*fc££fifcfrffi«:*Jlvt. Buffi 
p " s» r ©*Mf KMT V" 5 ^ - £ tctC D TtijfePzK » 
h©*<l>©±TI6©Jg*I*&5eu -eticcs-^i^^ 

r©*#g£fifcfr&. 
■5 K: Wisp*'? r©M>fr©±T«&©Jg*I£8tf£U 

•T4ai*^2^ffi«©««^f P^y r <Di£&£.l$j5 

fi£u/cc £*<ftm.t-?z>m$m 1 &i»b3;)i©t»-rft#> 

[ ISijas 5 ] ffit 2 P * >;> r (DM'Co&mMZ P ** ? h ©± 
[0 00 1 ] 

<^©1M X££$oa£§«©2£iHTP;i<? r©Mt5©T 

it) ^rfficcim-rSo 

[0 00 2] 

Xfitycfe SSfltyc fe/I^©fe©*s^< > *©fSJft. )* 
ffi (Siftffi) *>6©«|g^©Sfa-^x^;u^-^|Sj± 

LfcMim<, <»afl<JHraWTnJIB*fr. M^«ZMP 
3&5S©««bMf*3fc* £ i c> *> J: 5 ttffli&tfjft fc&^fem* 
&©©, ««©&#(*&* 0«^{c«^it# 
TK^tf^rjlJfiLT^&k©*^^,, C© J: 5 50 
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[0 003] ^ ZMP (Zero Moment Point ) 

r © *> 6, •?) h HMO (C*J t, >T fij^gtftj& <!: KtB £ **JfS 

(2r^ffi frontal plane f*J©tt) fcJ^'P-JUft (MR 
ffisaqittal planef*J©#) -t-^ > h rt^i &£*J £ 

[0004] *«(WMi**tJijabn*se3HS«i t 

#2r¥6 - 8 8 2 1 8 ^&$8#J^j|-r ££>©:#& 
SLfcfc©T?*>.&#s, Jg¥£f$oJJlp5£#fTPtf'* r«C«P 

[0 00 5] 

^©1^-f X^-oaAL^©2Jg*tfP*^ Ki. 

^•p-ja^siaiiasi^Ktt s«c £©. nmw^^ t- a© 
[0006] c©«fc 5 rj&k&&v*fm.i>tc&gmtft^ 

+#-Ctt&<, T^^^x-^©a^^»ifPjIlK©j;^ 

[0007] icw Mmatocmf wttxt&BWim 
htj-^^x^M^co, *&ffaftfci&— -cam*, -e 

[0 00 8 ] P* 5» hor^^^. x-$©m^j 

^tt^ita^^ft-r^i-cw. c©j8»tcisMf-r*t 
[0009] mmmic&mtj:&®<D&.m**7 9 a >ic 

U6 VT)IZ<< AfcU^oJtlKl^cO, HtC> P^f h© 
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* c t * < K wifttt$f¥ ^mzmcvzms&z 

[ooi i ] iOAftflKcH:, c<D^Hj§(D@w«, mm 

£ c i ic ab S . 

[0012] 

^LT**S 3 2 JE#f T<DWSC*fcfr 

tcW'Sr*'* 5 * - £ (c j£ d r Bute p # • * h ©I^odIT 

[0 0 l 3 ] »3|c«2jg&C**t,>Ttt, OTBcuKv b<D& 

[ 0 0 l 4 ] W3c3S3mtC*JC^r«, bJIEPtK* hCD^ 
<£> 2 m^CJSttWT^ cfc 5 tclffia P tf* F 0*^©±Ttt 

[0015] »«3H431tC*5C^rtt, (WBOjKv h<D*& 

[0 0 16] B*a5atc^rit (Wentf* Foi 

[0 0 17] 

^ ^ - £ COS CT BMEP # y h <D*/fr<D±T!b<D!giJi 
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OT, *tfjSfi*3»±3WoTfc k UMBO** HMM>©± 

[0018]^ _bia-C" P#* KD*?f{cwrs^^ 
iiatgU^cCD^, P#* HO*ffafl[=**Bx 

£'cDiBi^feiirfcm^c*-c*-5c fit,, m#m2m 
-rSo 

[0019] 

[0 02 0] 01 «-t©asK* h 1 *^f*WCc^-TBilB 

x^jH>ir^>D, &e-tti-en(DW»y>^2tc6 

^©Wa5@Jgffl©^gp 1 0 R ( 1 0L (n&fffJ^rR. 

t>D 0 ^ffisaqittal pi ane^CD ) ©Klffi 1 2R, 
12L V Htf??3TA (x#^t>0o ^fioifrontal pi 
ane ftOMM) ©Mffi 1 4R, 1 4 L , J^ggCDP 
r^JOfflgpl6R t 1 6 L, JSSKOP-^^CDSIgBl 8 
R, 1 8 L, ffl\Zy*yrtsi<Dmt6S2 0 R, 2 0L^f 

[0 0 2 1] J£§BCC«S¥2 2 R, 2 2 Lrt*Bl»3*i4 
RH»BH»10R (L) f 12R(L). 14R 

(D &t>, gmmmrni 8r(d, 2 or <l> 

^6«te$tis. */cj8MfflS<h«M®i«^cffi§y >^2 

8R, 2 8L, BaSBgHifiBBHSitrFHy OR, 
3 0 LtMSnSo 

[0 0 2 2] ±ta©«^tc J: «3 , wsb y > ^ 2 «^6<D 

^3^7£^^^tf^So 
[0 0 2 3] S 2 ^JSSBCDBfffiH (^«fflr«*r) 
So WiaU/cSMgp 1 8^,|gtt-rS«S6^-^ (H2t 
EK^BS) OHi^^r.^ili (®a°a«o 0 2 

*t?«iSLrft^;3ti, TBiy >^3 0&cflX«<*ft£@ 

mmt3 2±^orni<D®ifc%m3 4tz$iiM3 6 <s 

W85 1 8 R (L) <D«jK«:BID) **^<b Lr^ffiitf 
50 (sagittal planed) CCtB*flHfe (@») J£ 
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¥22R (L) £-£©:#|6]tCflM&S-t2--5. 
[0 02 4 ] fO«iS36 ii»3i-r-5{4BK«. m&U 
tc&mB 2 0 ZMWi-f *««He - 3? 2 0 Mtf£H 3 ft, 

UtTf aHSSM* 3 2 iIltegl5W3 4 <h£l|f 2 ©iflMSU 2 

(J£MgiS2 0R (L) OMMlcmC) *HM>& OTittf 
^(Cit^-r^^&^rSj (frontal plane f*J) JCfBWHI 

J£¥2 2R (L) ZZ<Djj$ttcMi)s2iiZ. 
^ JEMgB£$tf_hsaL;teP#* h©«J&©f$lfflW:#tii 

WLA&fticmmutcmm. - 1 8 4 , 7 8 2 

[0 02 5 ] HHSSIM* 3 4 ©T# tCtt&ftl© 6 W^j-te > 
•9-4 4*5m*Sft. ^ICD3^|S]^Fx, F y, Fzi 
*-^>K?)3*|fiI^Mx, My, Mz ££IiJ5eu 
J£gB©#±6©Wfci;& I > L/ «SiftitS^ <sr*«ka-r £ . 6 
#^-b>1f4 4©TS|5iC«, WieLfcS¥2 2R (L) 

-A4 6©Tffi (fifi) W^«S¥JfiCCf5)?£3ft. JTWHB 
4 6 a SB 4 6 b (C«, StteB#©f»Sg*fRiRTS 

5ltt*5 0, 5 2#§gf)oW6ft£ < , 
[0026 ] Jfc S 1 (CStB*^ KCfe^T, _kf* 
2 4 Mtmm-k >V 6 0 #19:83 ft, fc&ffif*3© z w 

x.>a-*rtiRtt?»*i.5. Hit, 13 1 -CttH*n*Wi- 

:ft%ffiIET3/c#©Mj£X-f ?^6 2<i, 7x--,il*f« 
ffl©'J 5 s» h^-f *^6 4#Sf§:W£>ft&o Cft«E>©ttJ# 
«BUl2U/c±#2 4|*J©fM©3..=. ? h 2 6 (Cjie>ftS 0 
[ 0 0 2 7 ] m 3 {iftfJQlaLX ■;, h 2 6 ©if H£m-T :/n 
yfmv&t). -?4 fa • n> f 6*fSSft 

-ecfc:tei>TM£4^>if 6 o&£©m;fr»A./DS 
^^7 o-c-^^^^i-fiifc^^ssri. -e©m^j«^-x7 2 

4 {CjH6ft£o S/cSWtt-t-arKBIE 
itO-CieS3ftSx>n-^©tH^7»*'i7>^7 6£/i- 
L/rRAM7 4|*i(CA^$ft-Si^C, I^^yfft 

t*©tB^WiS^SS^|BllS7 8*eriai«K:RAM7 4i*i 
ft*, 

[0 02 8 ] fW®^~ » hF*JfCttCPU*p6fc.5Sfri , 
ftS 2 ©jg||L$gS 8 0 , 8 2^^P,ft-C*iO, fgl©Sf 
»^S8 0««^©$P<^?ftROM8 4(CtSiW$ft 

tc»«$s>-c^ ^ - # %^*tti u x mm$Bn&*g-m 

b, RAM7 4(CiHa-r^o */t^2©?H»^g8 2» 
f*j£©*P < R A M 7 4 *> & *© g«« ilftffl S ft fcSWJ 

[0 02 9] ±ta©<J: J 5&2JS^fP'i<^ h^sirtii 
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U JWT, c©^hj(c^s^^ <*£gf9:it) 

[003 0] i ) 2 js^tf p# » h ©^iftit©— am 

tt© I, S s&g# * Z> . 

[0 03 1] SteCCiG^fcaf) . 8tira*JCCnJflgtt$g©IH 
iftsfefti 1/ r Z M P 4J£©f fftl^KffS 3 

[0 03 2] BK, SlJ3ffJ&a h fcBa^TSfc&JC 
10 tt, M»©r^^*x-3r©ffl^«ifffl.jt*a«j«:8S 

[0033] «4>*©< O/c^fffC-TSi, 

3t*tf tea sfc«>. si*** jbhsb* h ju^mhkc<c 

^-^©^6tt^«r*£„ WH©<J:5(c 
^^©MOJcPHMKfciM&OT. M^liilS 
©^WfJ-C*^. 

[0 03 4] — 3Sr, €©J;-5k:m^«uI€*S 0]«< 

20 -T€>i, 3tJtW*s®ft-5(cotx-C^9 ( )«:«/C.^T35 s '5 
/cfefc, S^©±Titr*^^-r-S 0 ±T»*^#t><i:, 
J*ffiJS^©±T^*^A-5©-C, ^ffii©Sft&14*5S 

[0035] ik, r t>?*-x--2<D'immmt<Dtc#> 

0. -e©fc«){Ctt, &Mgj5tcg2fc£ftS**Ml'i>*>« 
T^aa^tfc^/hS < a*J:^{c^F*lS:H-uawft« 

30 [0 036] 2) Tf?al-jiOttSaitttf« 

«, •€-fttc»-3t»r«^:ffl^«aMi©«5*>*«>fctt 

[ 0 0 3 7 ] t^; h ;^B$gtC J: -o Tft$ f) , Sg^CC 

oiAfllgli, JtJS (JW) 3a#JWKac©-*ftM*flj 

sawfttfi>ttac>c MfasiM-Jis:^© 

40 s$-c«iSifes^„ 

[0038] c©fcat>tcw:, ictew &#mt)&m 

#ffiiS*^*-or^ft«. *tTJME=*Mi 
x#SSa©r. *MIi*£S!©— ^*^J6ft«m»C<!:K 

[0 03 9 ] «M«S©«^«j$flf«> itW*«36>6£© 

5^-5 A«ciSW©S¥ 2 2 R ( L) ©a^tC^C* < fiScff 
50 ?Z>. 
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[0040] mmc, mmmi 8, 2 or <u <d&k 

iBttOfRHttlO. 12, 14R (L) i>$$<D§fo%t(C{¥ 
oTH2W**WS. *:<Dtc&>, £^P2 2R (L) ©jltf 

^ * A x - 3? ©*b*:tfj^ fciffccizu^fc J: *> *c«irr s c 10 

So 

[0 04 2] fc(T\ 

[0 04 3 ] 3 ) ^<DKW*^JB*^«)fcr^^AX- 

±i s<D*n < *ssafo«» a tttsnft r 9 * * x - 

iWf S * £ c £ tea **J, c ©JSWCcfc t > x «-e<DBB» 

[0044] c crift^-rs^cD^^jii^^. £T 

*skcs 1 otete^x&ftm&tifflsimferz. 
[0045] mf%<Dmfx\,t. c<Dmm&tt&mte& 

mf&mm tmrnxmrnts. & *i«t* fc 

[0 04 6] i»»r^^ax-4fft«©»at(c*5Cir 30 

th«Rl>. W*«. 5 km/h, ffc*^ 

mi 5 Ommil^ <t^tcR5e-rS 0 
[0 04 7 ] b h0$ffff«^t^I% (Wttf TJE 
few £ t&ffit&%g<D&1 : f^ ^<D&^ J . 
figffiflt W&9Ymrt<<*j*i3~9X. Vol. 5, 19 
8 3. ) i^S (W) 3&mifi l *fr MUtc £ 

[0 04 8 ] t^lWe, C<D*tftt, KtOJSOKSR 

<owmcm%\yX^z> 0 bp%, 2jg*ffo^^ 

sjswgp is. 2 0 r ( D convmm.u t'^CDgmZ 

[0 04 9] C©J:$tt*S?*M**., S12(C^t 
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[0 0 5 0 } 1 4tCMfr, CCDJ^CLT&SS 

icmm&t$tt<Dffl)om&m<D&m<D& : ¥2 2 r ( d 

**##faK:««jatt* % BPfc, J£¥22R <L)<7>*> 
[0 0 5 1] J£¥2 2 R ( L) 0*iBtt v *OftiJKfeff= 

[0 0 5 2] C<D^iaJ4 6 b©±tf**^-TS^ 

[0 0 5 3 ] ®W?:i«<±Cfti«I^^A*< fttf^ci 
CCttO, ^Wgpl 6R (L) OJIfcWiaLRtt, S^C^ 
<&So JfcWit4PJ8l0, 12, 14R(L) 

#<o&fr r— *R o c^fe<DCc*f ur+^i as*/h©iBf 

SSiACt^WrtS,, rifg 1 oOmmK 

[0 05 4] a^*»te«ci>WJB|<DJ;9«cn#y h fc* 
S^ ^^c, ^W«:«^<b»*±tf a< r fc*ff»pJ 

Jf^tcM-r SW^c fe*S J: 5 tc, *a i * 

[o 0 5 5 ] htt htfficmmmzt&t. 
Pimmm* uxmm t a s . 

[0 0 5 6 ] C©<t5&«^C!)*#itSi, OtfTy 
[0 0 5 7 ] tC6&, *36ai«fcfe<±fcftt^<b, ± 

0, »*iLr«W(Dtt*ilfcV4a3**^:3**i»^ 
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CO 0 5 8 ] *fc2J&*fcffn#5> KD*8r«. _h#2 
^-£T*£ 0 mfflffil 6R (L) <D®f#(Ccfcor0aB 

u > * $ tiSEto s or wsp y > * gft r «- 

«WKf4** 6ttC^. L*>U m« r»f5j^jtcnj^ 

[0 05 9 ] ±«fcatt*n i o *>iswn«, 

tc«ffi«tc|g^r * & c 4 cctt ±f*o±Tl&^#ift 

^ft4&cl^^#i><DT, IIISCCtt-tcOffiiKiSrjNt/h 

[0060] 4 ) frfrtm*±tfzm<DmiE%;mm<D®: 

ftrt$ 6 > ±ft 2 4 <D*jfritit<DX S 4<D<fc 5 CC^ 
ftL/riK36><DRI«*ia5^-r o Ctl^6, *>*>4gp 
*±tf£*#&£ft^cfc:0 fc/hS<ft*4, «BSCCtt« 

[ 0 0 6 1 ] C<D£ 5 AT, 9EflTC>?gjttOC 

[0 06 2] C<D*A*4C»-^L»r»5er*fc«)CC, » 

[0 06 3] jfe«c»^tej: 5(c*ff»J*«*»t:^:*& 
S*ft«r«Fori^/c»cc, ±#©««fttijn*--aw 

»-rsc4#*-c*£ e 

[0 06 4] 5 ) tt4ttb-?fcR*£ (WfCOS*!©* 

R (L) £TBy>*3 OR (L) 0mm 
tl, *txfltt 1^4 km/hi t/fc*»^K:J6rJc>rtt 

[0 06 5 ] WJKW#K»WT*fc». 3 %7cXHr« 

?&2£jMTP*i*7 r ©fe^faCDXSb (frontal plan 
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[ 0 0 6 6 ] *fc % 2 &&ftOm1&fift<Dmtfo (saqitt 
al planert<Datfj) CCfcHTte, J£¥<Djj[]ficN> (ZM 
P) ©»*L*fc*tf»»KIBW*^jtr<4. 

[0 0 6 7 ] jftfcOb hO*tffl5«Sr<DJE^cr>*P«cti^ 

^swj^sattLrc^-sitti^, ¥*&wccttjs¥© 

io (L) oiMWWft*^ittKft*J:9K: , r*itt % mi 
Sot, hcc4d^rfcW^ft^tf0S» 
[0 06 8 ] ccMOfc©»jrcttc©J:9«:#*r, a 

*WCC« V ^¥2 2R (L) ©»M*Wft*^iSCC, 
J:0*ftWKlifiB» 18, 2 0 R ( L) ©3(&S (MR 
3 6.42 CD&l&fiJ: 0 3 0 mmjtfrZrffiMrQ 

tejaToiraw-& (i2icpr^t) 

20 tc«»S-tt&Ci*sHlift*»^tt % a«CO»0Tttft 

[0 0 6 9 ] C<D£5 JWfcfrC. ft*tf»**«ttt 
I/toft*, &©J:5ft|g»;W»6*ifc 0 

[ 0 0 7 0 ] ±#2 4 OSAVMMttR** ttfflKiPi 0 
T^fvWfcSftSC 4 fc*Scfc 5CC 4 z 3&|«J<D±T«r£ 

30 a*m?*u<. wit*ffTtt^s<ft« Q commcoB 

3 k m/h -C^^j 1 M(2 i^P^tfiSS <l?ife& 

[0 07 1] c©n*K* ho^c*$ior»ffiig^f<fc 

1 km/ / hT'«7f(I^< fciS< ttotl^, 
l^*tfr©««ftiJ5fl3E«itt, »*ffWtt*ffJI5 
J»5ca< ft43tP6T** B -€-<DJ:5ft*ffJgJBt©«i«T 

^iW*±Vi*fc|»*ffWCcRft*«nJll8T* 

S«ftCi. J: or, jKEBOtr^*L/<^:»< ftl^fil 

[0 07 2] WIW^JtBCCtt, «5S^6WjaccM/C^ 
8»Ur^< Cifcft*. B7IC, *ffi*a 1 - 4 k m 
/hCC*j»«|imed*JH(D±ft2 4©ffiB*5Vr. CCD 

SKg5l8, 2 OR (L) ©««*faafjiacc*0, * 

so [0073] mcc, co±i*(Dfi:«cco( f ^ri¥L,<is^ 
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[0 0 7 4 ] DB8K/2MtjIUK2 km/h, 2NS5 0 0 
mmil/ci*©, JS¥2 2R (L) CDJa*^*, S 

<. £8flffi©te«J:9 3 OmmH* <BI2©Pj£) 

[0 0 7 5 ] tt*^*l?iaLte*PCCKSOfc«^(C 
«, ±#2 4«, f««^i;f3 5 0nimm HI 
«B$iC7 Omm^C^ltlr^, MJ£^#JCD±f*2 

[0 07 6 ] It **>i»4 6 b^JLtfSftflrcfc, 
_bf*2 4 0fl[»{^lf|-rs o El 9 CC^tfjlffi 2 k m/ 
tu ^ip§5 0 0 mmCC*Jtt£, J5E^P2 2R (L) ©*>#» 

<±tfta>fc©3&>6 0. 9 (rad)±tf£ 

[0 07 7 ] C02^ai*6, WKKf#W©te7B# 
& o*rj. «*J&©«]^«&ic« % ±{*24«, Wfi 
<fc»*JE©«ttBjSJ: 0 *©l$©*ff»ftrw*rei^© 

[0078] corib, n*^ hcDAsz-pmrnm. 

ft*#, 3feCca^&J:5K**oa»ttliiESCr«*© 

[0 0 7 9 ] CCD J: 0 &NK*>&, W»£f^©»7«3F 
*S©*fHj£i: 0. *<Di*o*tf»R-rpf«3£««!© 

[0 08 0] 6 ) JtofotSfcfcitfSa 

CCD J: 5 LTifilKWecJKtS ft s±f*©m^{^g^c;Stf 
^**ffiRR©*tt, HI 0tc^*rj:9«:»H|c-r*J:5K: 

[0 0 8 1 ] CCt, L : (LI) iTi 
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U>*« (L2) cD^It <***II«U*ttWte*l*T 
S) . ST : PS : ffl££J#«CDB*|8!*l^ L 

T : SMgp 18, 2 0 R ( L) ©^©JSISffi'N©!^ 
*>6mjfe«954 6 b £ "CO^^ ( LA: J£^»Sffi^6 
gmffi 18, 2 0 R ( L) <D3E^*"C<DS3, LD:I 

ms^mic±»ffi»»r^tm. lh. lp, thA, 

thB, thC:ai0#Si thHmin :**4» 
4 6b *«<S»±tf £ Ufc*§£\ WTO J: 5 £C 

10 [0082] LD=STXPS 

LS = 0. 5x (ST-LD) 

LH=LA+/~ (LXL-LSXLS) 

LP=ST-LS~LT 

t hC= t an' 1 (LH/LP) 

t h A- t an" 1 (LA/LT) 

LB=f ( L TtKlT +LAXLA) 

LX=V~ (LPXLP + LHXLH) 

thB=cos" 1 (LBXLB + LXXLX-LXL) 

/2. 0/LB/LX) 
20 t h Hm i n = 7£-thA-thB-thC 

[0 0 8 3 ] _h!5SC*5l>T\ ±f*2 4 ©»[>#**©£ £ 

4 6 b©±tf«t hHmi n£TRfi£U -e<D^£ 

[008 4]^, H*<0»J*«C«SO#^ h©<fc 
®SB(Ci5l^rm^feSI54 6 ajWRKt^icSon^Sift 

SKftor, SfKWtc-ecDSp^^atrLT^orfc 

30 3a*3&c^ 0 

[0 0 8 5 ] iieccoc^r, j^taD^&WME&MtB 

[0 08 6 ] */c, 36>*»i8B4 6 b *±tf5*D±KBfi 
thHmax^iSi, ±f*©S'l>fi»©«#:&|pjjiF 

-r<J;5&c, /Tl5fc§R4 6 aiJSMBl 8R (L) <tfl§Mt5 
1 2 R ( L) &-m.mcM&J: 5 fc^«±K**£» 

4 6b*±tfrfc»*#tt^ti,>*.s 0 cfc^r, 

thHmax = 7T~ t hA-t hC 
40 4t2, 0 

[0 0 8 7] *5*>£SB46 b«r±tf4«0±ffiffl<!:TIR 
P^ofcOr, 954 6 b Sr±tf S*©R»HB 

*CDS^«lii*RFfS<DilS3 £-S"4fc«)©^S*/h*r* 

SC<kttr#S (05) . £-z>X, T2**x.-*t(Dm 

vmt>m^\*. **i«±(c±wsc 4cc«^«pttwjH 

[0 0 8 8 ] C€*Jt©»»rtt, TRi*607-y 
50 >^«t§lt, ^^C^^4gR^r±Cf^:l><hli 
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[0 08 9 ] 7) T ??*.X-~Z<DWLit^mC>-0-3% 
^*>iSP©±CfM*i^* -otc&X, S 1 8 , S 2 OfCit 

A,-cmBftmmt±& 2 4 ©^&tti«g ( x . y 2n*K 
-es 2 2 (c^-csa^cDMti^s-r 

[0 09 0 ] #&<D&mtt<,CftiL-o?}¥&)tj:t&®£m<D 
t£K©iS $ 5e £ L/ r jg««tjg iZMP ffijM#> 

±&zm < -r* j: *> tmhfrutkmiws. lx *>ras« 

[0091] s 2 2 ^xcomrnxmrn^ntcmmt, -e 
s> ©.-s-c ummmmmm^mmp^ic^ 5 *>& £©^ 

ff^WA:0rc^<!:«in6«:C>. C<D?ctb> m^XS 2 

[0 09 2] 8 ) 0ff jlJK£±f*©±T8&©*5* £©IW 
mi icmf&umz&mrnTFy h l ncis^x. _h(*2 
& £at>. ^-©±ft©«'i>©_LTli)©;rt:tf 3 amicft? & 

[0 09 3 ] HJ-fe. ±T«&{C4; or^-rs«14^Jtt» 

mticmto*>tmx-%:< , wasy:^ ©&&*>•«• ©#* 

tft&SW €>J*JS^J8t?IJffl© 6 tt^;-fe>-^4 4 M 
^ -5 -T £ £ ±i*S^tlijI©ffi(, >x * ;P *~mm(Dmi< > 

[0 094] ^©iS^-*>W©mi§f?r— ^U^;l/Jj(T«:JtP 

c £ «£ c > iff r * & . «^©(Hia-f'*'JfflJ^M 
^©f^-c^ft «fc o 4> *»«c •) >h 5 tt±Tftij*flre fe^fib 
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[009 5] C©U^;KC±TJ)D3$gE*fi<JlU 
10 [0 09 6] -tSL(&t<C&ftiC& -5 ±T»©!fci»J5tWPJ 

j$S«*tf3$ffi©2*(ctbMi/r*iJn-rs <> ffim©fcfc 

«> 

H = As i n (2 tcV/L t ) 
( t : mm) . 

[0 09 7] C©i£, ±T»©flfi»KDDH»t(CO 

t >r 2 iii^-r c i «c J; o r . 

20 DDH=-A (2 tcV/L) « sin (2iV/Lt) 
<b£c-5>o C©^{Cct4a«. ±TKl©*DjiJK D D H imft 

asv©2m«:tb^i-r-5.c 

[0 09 8 ] fc^6^^©±T*©tdiI«iE^-C« 

k> . *©#3®©»n3ie[*^«{c^tfjSK v © 2 *(cjt« 

TW©tt3t^K*^^{cra D & 6 W. ±TK((c# 5 ±T 
fln^S©^:#3«. *ffjtefV©2*(Ctb^|-r-5C<!;« 

30 [0 09 9] 2JS^tfPJ}<*y h©a»tt, « 

^r^*J±ft:©±Tift©«l3i*^(CpID(c^c i 

ttEire&s 0 i-^t^ a««c(i^fjiftv©2^cj:b 

[0100] I?WKC©ttS*ffll,^fcii!)tC«, ^<D 

v© 2 micttm? % £ isitcc* & c £ /c„ 

[0101] ai©a-K^ Kcfcut^iy >^28R 

40 ( L) fc J: O'TfiB ') >i> 3 OR (L) 400mm, UBS 
g5i«5 (WieLA) 140 mm, SIlOOkgiL, 
*tTaffi2km/h. 3km/h, 4km/h, 5km 
/hT, ±#2 4 ©S'!>©±Ttt©JRiH£— 5t (22m 
m) icU-otcm&o. ±»2 4<omfCMMt±TMMt. 

(Diss.*. a^f-ZZm 1 3#>6® 1 6(C^-T 0 

[0102] mms-om^cw-ox, ±.r»<oimm 
mtmmmc <t x mm^mt>?> *>©©> m/cgcc 

50 ©M^*0 1 7 KKSBlTWr. mmxmMlt2 km/h 
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[0103] ±!ao£n< , *ffa«*SEA4 c 

[0 10 4] COC4*>6, ±TJDiittOfWIRlio«Ci 

i,>t ft & <fc 5 CC±TSftCDSgrfg*^^ti Hi* C 4 CCtt 
[0105] BJfc, ±T»<3C«*i**tTatev©2«K: 

**WR*g* u fc^tf «»*ieH-r * cim <*><> 

[0 1 0 6 ] ±E*J:0*ft«jK:««fr*i, S5fte0/c 

^H , ;>^, Tl f J>^400mm, 
J£Klgij^£ 1 4 0mm, 1 0 0 k g<D2 JE^tPaK 
* *?TitS2 km/hi?, ±TJJlKIff 2 0 0 0 m 
m/sec 2 WT<D*ffr^tfT^*S^f#6*l^c C 

[0107 ] C<D^g*»mtC, ±tt©±T«KD»H* 
ago 2 ifl WSitWT S J: 5 (C^*r^?§f»tt*tf 
5 0 ^tfMS3 km/hr±T»CDjgf|ig2 2mm* v 2? 
tfiSS2 km/h<0*g® (2/3) 2 = 4/9fg<D 
9. 7mm£Lfc;$Sc7X P#? h£ftQ±TttBlffi* 
Bl 8(C7KT e PH*CC. *tfiiK5 km/hCCteWiJb 
TSfr©SI*i£ 3 . 5mmil tcm&<D ? h £<*cd_L 
T»I*flE*Hl QfcjjVT. 

[0108] 3 km/hw ¥mt*)±Timm.&m 

< m<5/c#>&C, ±i*2 4<D<^C0±Tttiae^a2 OfC^ 

[0 109] l^L, cn^lt«3«0CiW^ 

U T * 6 * D «jNffHftK fc # £ & i cd 

Ttt©«**#tT*K© 2 StfcKtbW 3 i± 5 C £ CC<fc o 
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[0110] J:0**WfC«, ±i*(D#^±T»DiiJeco 

ttfcfccfcS**, »RWCCtt % ± 2 0 0 Omm/s e c 2 
fiSft 6 SSffi i O je*tt«HI« tc ft h ft I > o 

[o 1 1 i ] I347P- • \*<Dmwicmzt, s 

26, S28, S20, S22, S2 4i;K7 , l, 5fe 

(s 3 0 > 0 

[0 112] C©£5fcOT*ja*^&ftj£U 
tt^iirli^£l. S 3 4CCJt^BHa5h^^ 

#<D{ig^ >?Y)\>Pt m>bM*bft S)5»> e> 

T= (P-Z) x F 
20 [0 113] IHfflfr^^ax-^iCi^S«c*AftiSa[i 

[0114] 

[0 1 15] HI ICTF-futfy h 10^^-jiB, H 
2 I (<C9jkTmt) t-f £ a tit, 11100kg, 

mfrmTmm<D#<Dmm3mm<D$t& (neufc p s ) 

30 *£rfi5 0 0 mmr$}f -T^^C0^4gP4 6 b ^:±^f 
[0 116] cn6<D7 ? -^«:ir(ca^</c)&^<b8|54 6 

^t-F(Ds i o o^^s i i otc^-r^ft^jiorc, 

ftJScD±|?gffi t h H m a x (5 6. 2 9fi) 4TIS<it 
hHmin (9. 6 4ffi) ^6?), ^co^i^llt h H L 
UT3 2. 9 6S*. *»^4«B4 6 b*±Cf««CD»W- 

40 [0117] ^CC, «j*H#©^^4gP4 6 b *±Cf^>ft 

Z<DMm&m=r Ja*!<Z>IH^?t6*»tcfrccB*H , 4- J: 5 ft 
Wlii(C-rS 0 C<D4#, SSffiCDIH£i^(Z)P/fX htt^rfil 
<STS/ce^(C»C7)J£^2 2R (L) £$>SHg, 

[oi is] *ftaqcc«, ^tfosstt^it^-r^/cfe 

CC. 36*WtcttZMP«ja^2 2 R (L) CD^f^iacc 



(10) 

17 

ft ©nwfe-c w z m p ew>4Ub&#> 6 r» 6 

[0 119] co^frcDfeir. imatG>ff*cc J: o 
r r * * * x - #rb+ ra * o i * M85ftiiffi^«g^/jN $ 

*± 2 0 0 Omm/s e c J tlt^S 0 CO^gil 
f*CD±T«J<Z)«iit £ ±T»PilJS £ , 02 3, 02 4, 0 10 
2 5 $t^rr o 

[0 1 2 0 ] 02 5ft>6&*>S£9K: % ±T»iIg(D^ 
So CCD$±J||#02 6, 02 7, 02 8~C*£ O 02 8 

20 

[0122] CO*S*6ii:»*W®Ofta«*3R«>* 
C£**C#*. C©#SK1*5W*£H«1 8R (L) CD 
ft«K£0 2 9 CC, IfcUgffi 1 6 R ( L) £0 3 0 J& 
Mgpl 2R (L) 5:03 HtifrTo -Xtc, 5fc$Ci£-</cf£ 

[0 12 3] CO&^tfOcSttZ&mffi 1 8R (L) OF 
^£03 2CC S ttRffl 6R (L) <Dh;l>**H3 3 
$C % 1 2 R ( L) <D F4/^£0 3 4 fcSVT. {£ 

u it«i*igs&-r^ h^tttrittcAftT^&t,*. ^ 

<DX\ 111 0 0 k gOim&tCiiXCO 1 0 Ofgcr) 

[0 1 2 4] C ft 7 * * * x - £ {Ci#S 
£&£©*Aftiiffi£*AHl^tt, JSBM5 18R 
(L) iaW24rpm, 15kgm, 
(L) tc^t3 2rpm, 1 7kgm, JKHflffii 1 2 R 
(L)(Cfc^t3 2rpm, 1 lkgmWfr»SC 

[0125] ^or, ±fBOAn< ur^aftfc*#gcc 

[0126]* S200 r«*&BB* -f * 5 

XOTS2 0 2&£ii<^ tCt$§^7^-*48}EL 
fcROM8 4*6P-Ft6o WE©*P< OTiiSSti 

ft«£U h«#^C*<b S 2 0 6 CCjt/^-C*/'* 

[0 12 7] S 2 0 8$cMA/T^/^^-££ 50 
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§t»-r s o en ttisria u * 9 ^ - # <d tfj ^ciiifflfg 
it^-r^o ii^rs 2 i occ^r-ena^ 1 2ffl<z)f» 

gff<D#K*ItJ*U S 2 1 2 «8 
0, |SJJt8^BXtifc<tC5rS2 1 AiCMAs^ntiilstcm 

mn&zaijjL. s 2 1 6(,cmA,vmmTtm«izti 

ft££^w:S2 i 8ccjt^*^>**y-fe y hor** 
[0128] i/cs 2 i 4rffl*sftfcWttftaocis-'5 

8 2CC*Jl^T«03 6 cc^-r^p- • — KCfifoT 

BttllfcMW&T*. 
[0129] C <3[^l*<0»J*tt±E©*P < ML/c(D 
T\ fMWfc2J5KWTPiK* h*3JHW 
fc#^fWOHHHfcT * C £ ft < , »fflWtt*ff WJtefe 
f^/c^*SIS-r^^<D^CDcti^6, 7***x-* 

[0 l 3 0 ] RthWKtt, HfflffJtt2fi*tf h£ 

[0 l 3 l ] cfc9JM*#Wt«\ p^^ Fo^fCcKir* 
^^^-^(ciSDrBSrSBP*^ KDS^cD±TKro^iH 

T»osgiiii^®^)cc^M-r s c t x\ ami* h<ows&i 
&m.m-?z>cL&^<g % tu^mmmmxmmcor^mj 

[0 1 3 2 ] 03 7&OL03 9», C<D$m$C%i>2 

5Lt&n p >k ^ b (D&n&M-mzwmu t^^z p 
[0133] 0^cD*n< v &mtwm^mcmx<D^ 

2 2 0t. ^B^JWE»K<D«*# 2 2 2i*6ftf), C 
?^gPM2 2 0 £*gtf51*§Ptt2 2 2 t BP ^ K 2 2 4 * 

^Lrii^$n^ 0 ap^ % F224«c^Ksptt2 

2 0 iJB»tt«W*2 2 2fc»R3ftfc?Lrtfc#A3ft, 
C¥tt9J^2 2 0 £«f>2 2 6&C<fc^TB5g3ft, m 

[0134] ffe#, *gff^S|S1vt2 2 2rt«c*RStiyt?L 
©Wfttt, P ^ F 2 2 4 cd^S J: 0 tb¥5WA# < «tfSS 

tl, JgJgWaWt 2 2 2 «P y K 2 2 4 *ct>^CC0tt@«E 



(11) 



W9 -94 78 5 
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(0m«1B§) *^S$n, ^(D±^CjSMg5 18,20 
R (L) #5«*£3ft£ 0 

t0135]f Or, P7F2 2 4 £^tK^#2 2 2 

<t<DP^a*^*2 2 9^*$n, mztitmt2 22* 

(L) ^#M3 6?:/Mt@liit5i, ^tKSWte-e 

c^gp#2 2 oo^^gSM^^fcfe-r^o 10 

[0136] 02^^b^JS^«^CCo^T5fe^ai^/c 

[ 0 1 3 7 ] H 3 7 fc ^«c^"J"«r «m^WfBOB(SI* 

***r©eil*LTiLr|IBiHttC*. 
CO 1 3 8 ] fSa. **4fi(H#iiJ80iift:tt^J:5ttJeT 

[0 1 3 9 ] (rL _hi5&C*>t>T, h<Dm.'b%:±fc 

O^tirifi^KL/c^ p#* 30 

[0141] 

DTlWEP#y HO«^±T«l©««**£U -eft 
[El] CcD^Wc^SJWSC^ffP^^ h<D#S*Js5# 

[02] SI fCijrT 2 P * * h OJ£^0*&g£r!p 

*ffl^c M^ttfrffiia r * s . 

[S3] 0 1 {C^-T 2 M^tf P # v h (Dfflffl^ v b<0 



20 



o <t c > 5 fti *^fefl=r *r> #> t gp * ± £ s * m * & *s h , 

[07 ] 0 1 fc*rp^^ Ko^tfaK^cw-r-swjwx 

[08] @HCitn*'^ hOfiTOJUl^ (ZM 
[09] H1ICSTP#3» hCD^<tg|5cr>±^*fC*f-r 

[0io] 01 «c*vrn#* ncoi,ir*36»<bffo±tf 
[0ii] 01 ^tn^^ hcc-o^r**ccst-rs^ 

[012101 IfLm-rutfy h UZ~o\<*~CfyfP tm<D±tf 
[013] HlKSTtuffy FCCO( r ^r*tfiSffi2 km 

[014] 01 ^tP^-y hCCO^r^faS3 km 
[015]01 &C^TP*7 H0Coc^r^fiIS4 km 
[016] BlOC^-rnsK* hfeo^r^tfiiJKS km 

[0 1 7 ] ^1 (CSfP* h^coc^r^tfilS^c^ 
[018] 01 tC^fn^y h^oc^r^tfiIS3 km 

[01 9 ] 01 8<b^CD^-^0r*tfilJK5 km/ 

[020] 01 8±mm<DT~5mxmm&5 km/ 

[02 i ] coaiao^aswrffli^, 0 1cop^^ h 

[02 2] CCD^CCHJfiW^fcWS, **i»<0±Cf 
ftfiEcr>*Hi«r^T^P- • ^t-bt*5 0 
[0 23] 022:7n— hr»ffl$n/c$M 



50 [0241023 fC^-r*S(D±<*0 JiTttOttB*^ 
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[02 6] 0 2 3iC7n^g(D«iE^I*^-r^5 
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[027 ] 
[028 ] 
[029 ] 
[030 ] 
[03 1 ] 



0 2 6 tC^-T^SOi:«:(D±T»©»»*^ 
0 2 6 CC^-r^O±f*(D±TflPi£SSr^*r 

02 6<D*8*6«:a66tiSllEW»©fta« 



[03 2 ] 02 BOM^5««>6tlSjeH«ORWF 
[03 3 ] 02 6<0*S*»6*e66tiSKW®OW«f F 
[03 4] 02 6<D*S*>&*»i5tlS«W«5a>R»h 



* [03 5] CO^O»«{C«4^SfeJ«*ffirSMi3 
[03 6 ] 03 5OM8llK^&H0AKOtf--4Wfll 

[037] t<omw&mz&^®fim^m&tvz>2 

M38] I370XXXVI I I -XXXV I I IB 

io mwmv&z. 

[03 9 ] 03 7©JS^p<D*>*»<bai5*±tffc^4^-r 
[|$#©itt9J] 

1 P*K-y h 

2 fiasy>» 

10, 12, 1 4R, L WMB 

1 6R. L j&BUfijS 
18. 2 0 R, L JSPggp 

2 2R, L Jgsp 

20 4 6 b A^igp 



CHI] [H2] 




(km/h) 



(13) 
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[H5] 



1 



26 



*ff*S2 



ROM 



RAM 



84 



74 



i/ 



70 



A/D 



j7€ 



-hoy? 



0/A 



mat?** 



44 



62 



54 



1130.00 -r 

1125.00- 
1120.00 
1115.00 
1110,00 
1105.00 
m 1100.00 
5 1095.00 
1090.00 H 

1085.00 
1080.00 



± 
ft 

s 




0.0 1 8.6 ' 17.2' 25.8' 34.4* 43.0' 51.6 



[07] 



[08] 



-200.00- 



-400.00 













■> 1 1 


- X 

" 1 



0.00 



1-00 2.00 3.00 

*ff (km/h) 



-100.00 t — . 



-200.00 



-300.00 



4.00 



-400.00 



t — tt- * 



-X- * 




I 1 1 I 

-20 -10 0 10 20 



[09] 



[011] 



-170.00-- 



-180.00 -f fcfcBS-— 

-190.00 



-200.00 -I 
-210.00 
-220.00 
-230.00 
-240.00-- 
-250.00 - - 
-260.00-- 
-270.00 - - 
-280.00-- 
-290.00- 

-300.00 
-310.00 



X — 



warn' 




50 -r- — 



40 

30 
20 
10 
0 



0.0 8.6 17.2 25.8 34.4 43.0 51.6 JS^dSf** 



X 

/ PS = 0.2 



X— - -r*ZZ 

" x PS = 0.1 




t r 



t r 



"l 1 1 1 

0 100 200 300 400 500 600 700 800 900 (mm) 
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[04] 



1 9 ] 



C START ) 
1^ 



8000.0 mffi/s/3 



I 



{MW3lWM <D ft M 1 1 cp Rjfe h-s jg 



I 



■ BUDI-pfcftjfeCD 

i : 



sw 



-8000.0 nw/s/s 




[02 0 ] 



8000.0 mm/s/s 



C— — 



~ 1 



yes 




I 



l±ft<P±Ttt«HBttftl»P»jE 
,, B 

SJ0 



-8000.0 mra/s/s 




[024] 



1200.0 mm 



I 




1000.0 mm 









*q_J j\4— 




1 ! \ \ 




: : j 




r l | [ i 

— + 1— , 

X J j j 

~*~ » i ~" r 

... i i ( i 



I 



— F 



S36 



2 8 ] 



( END > 



nmtc*n 

8000.0 rwn/s/s 



-8000.0 mnv/s/s 





f 


1 — 1 » 




! 






■■ ! 


L.4X-: 
















j i 






i * 






i i 
i i 


.„' i . 
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[SI 0] 
0.5XLD LS 



thHmln 
/ 22R(L) 



LT 



[012] 



0.5XLD US 




0.5XST 



ST 



thHmox 




[01 3 ] 



± # fi m 



1200.0 mm 



1000.0 mm 



fc- am a 


— i — t i— — i 

-t— i +~ 'r— 

* J ( 1 

— !--- ■ — r-~. L " 
i > 




— f— r PF= 

-f-i~ — 




— {• { — +~i . 

j-. | ^ , 
; . r « 



8000.0 mm/s/8 



-8000.0 mm/s/s 







-4-i— - 4-4- 







— r-F 

J ! ! J. 
' ' , f ■ \ 






— 


— "I* — ! — --^j — r 




"l—l 1— h- 

i i i • 



1200.0 cm 



± # fi at 



10O0.0 mm 




[0 14] 



1 T to 2 



8000,0 mm/s/S 



-8000.0 mm/s/s 




[018] 



8000.0 nwi/s/s 



-8000.0 mm/s/s 




(16) 



[017] 



± ft * S 



1200.0 mm 



1000.0 mm 



i — r 
i 




8000.0 mm/s/s 



-8000. a mn/s/s 




[016] 



ft 
ft 



12000.00 j , -f 

itooo.oo L -! 

10000.00 -j ■} ~4- -j. 

9000.00 



8000.00-- 
7000.00- 
6000.00-- 
5000.00 
4000.00 + 
3000.00 
2000.00-- 
1000.00 - 

0.00 




(km/h) 



± ft ft 3tt 



1200.0 mm 



1000.0 mm 




-fc T ftJ m * 



16000.0 mm/s/s 



-16000.0 mn/s/s 




40.0 rpm 



-40.0 rpm 



[02 9 ] 





■ 1 ■ * — — J — 1 — 

__l _l ■__ j 

L 1 » ! 
! 1 T 1 
i * i * 




i i — ; — i — 
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